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Abstract 
This article examines the thesis that an improved expert-lay people communication on the state of 
the art of CO2 storage is a necessary first step and a prerequisite in order to enhance public 
acceptance. Main goal of such an expert dialogue is to clearly identify consent and dissent on 
several aspects in regard of CO2 storage. In order to address the issue of establishing a forum of 
expert dialogue, the Interdisciplinary Research Unit on Risk Governance and Sustainable 
Technology of the University of Stuttgart has applied the Delphi method in order to enhance 
transparency about expert judgments on various issues in regard with the storage of CO2. In this 
article the Delphi method is described and as it was applied to establish expert dialogue on the state 
of the art as well as on communicative aspects. Furthermore the article gives an outlook on 
following steps to communicate the results to local residents and the public. 
 
© 2010 Elsevier Ltd. All rights reserved 
Keywords: Delphi, expert dialogue, state of the art, communication, acceptance 
1. Introduction 
Currently planned CCS demonstration projects in Germany are threatened to be put back due to a 
lack of local acceptance and sometime open opposition by activists in areas where scientifically 
promising storage sites have been identified.  
From a geological perspective, potentials for CO2 storage sites are mainly found in the northern and 
eastern parts of Germany that is the Länder Schleswig-Holstein, Niedersachsen, Mecklenburg-
Vorpommern, Brandenburg and Sachsen-Anhalt. On the other side, the large amount of energy 
production in (coal) power plants takes place in Western and Southern parts of Germany being 
more populated. Thus, in Germany a clear spatial gap between CO2 sources and sinks can be 
observed. 
Taking a closer look on legal issues of CCS in Germany one may first state a lack of a national legal 
framework. In 2009 the Merkel government drafted a CCS bill which in the end failed of lacking 
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support within its own cabinet. Main reason for lacking support has been local opposition by 
affected public at a chosen CO2 site in Schleswig-Holstein which let the federal state prime minister 
withdraw from supporting the regulatory initiative. Thus, currently the legal framework is still on 
federal state level with mining law. Licenses in order to take up exploration activities are granted by 
federal state authorities, and mining boards respectively.  
Both aspects, the federalism of legal responsibility, and spatial disparity of sources and sinks may 
explain the great variety of the German state-of-the-art when it comes to CO2 siting issues which 
shows a fragmented picture. On one hand, policy support for siting is backed by affected public and 
regional economics (as we can find it in Brandenburg due to the fact of a regional high economic 
relevance of the mining sector); on the other hand, political support slipped away due to strong local 
and regional opposition and visible protest which has not only be backed by affected lay people but 
also by local business and NGO associations (as it has been the case in Schleswig-Holstein).  
Research on public acceptance of CCS technologies has shown that public knowledge of the 
technology is rather diffuse or even absent. Providing information to the public therefore becomes a 
crucial element. At the same time, we can observe in both scientific and more popular writings a 
great variety of expert judgments outlining both pros and cons. Depending on his or her 
professional (and ideological) background, different experts give different and sometimes even 
contradictory assessments of the technology’s risks, its potential benefits and necessary 
administrational precautionary measures. As a consequence lay people currently have diffuse 
opinions on possible damages CO2 storage might cause as well as related social, economic and 
climate implications. The fact of heterogeneous assessments and partly dissent on the CCS 
technology among experts strongly influence the perception and acceptance of the local population. 
Concerned residents find it very difficult to receive objective information and to cope with 
contradictory statements.  
Against this background, expert-lay people communication on CCS – and in particular on CO2 
storage – is an essential part of public acceptance outreach strategies in order to provide the affected 
and interested public with objective and evidence-based information. In a first step, this includes 
advancing the communication and understanding of the relevant scientific, technological, social and 
economic issues among experts themselves (establishing expert dialogues). The main goal of such 
an expert dialogue is to clearly identify consensus and dissent, agreement and disagreement on CO2 
storage issues. The idea is to disclose the consent-dissent landscape and back them with arguments. 
In a second step, the topics of consensus and dissent should be embedded within an adequate 
communication strategy targeted towards concerned and affected residents as well as to the public 
at large.  
This paper highlights the first step of the research task, i.e. describing and analyzing the outcomes 
of the expert dialogue. We have chosen and applied a combination of a traditional Delphi and a 
group Delphi method as an expert dialogue format in order to provide transparency about expert 
judgments on the following issues: 
 Technological challenges 
 Administrative and legal aspects 
 Chances and risks 
 Societal relevance and need for action 
 Communication 
In this article we will shortly describe the Delphi method and present the main results and outcomes 
of its application among CCS experts. Furthermore we will give an outlook on following steps to 
communicate the results to local residents and the public. 
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2. Method 
2.1. The Delphi Method 
The Delphi method is a widely used methodology to build up information on topics for which only 
uncertain or incomplete knowledge is available. There are several variations of the Delphi method, 
but all of them are based on an iteration process with at least two survey rounds in which the results 
of the previous rounds are fed back and submitted again to the experts for new evaluation. The 
feedback process ensures that the experts are aware of the views of other experts and gives them the 
possibility to revise their first evaluation (Cuhls 1998). To summarize, “the major elements of a 
conventional Delphi are iteration with feedback of responses into the successive round, assessment 
of group judgment, anonymity of participants to revise their views.” (Webler et al. 1991: 257). 
Originally developed for military purposes (Dalkey/Helmer 1963), it is now mostly used as a 
prognostic instrument in future studies and technology assessment (Häder/Häder 1995: 9; 
Mintroff/Turoff 1975; Benarie 1988; Häder 2002: 21f; Meister/Oldenburg 2008).  
Taking into account that the Delphi method is defined differently for different purposes and from 
different authors, still some common features can be identified (c.f. Cuhls/Blind 1999). In a first 
step, the research team develops a questionnaire on the issue at stake. Most commonly, this 
questionnaire incorporates questions about expected consequence of a measure (i.e. mitigation 
measure) or of a decision alternative as well as questions about the individual certainty of each 
expert about his/her answers. Secondly, this questionnaire is sent out to relevant experts of the 
respective field, who fill out the survey anonymously. Next, in a third step the research team 
explores the mean values of the answers as well as extreme values and variance. Fourthly, the same 
experts are asked to fill out the questionnaire again, however this time under consideration of the 
answers provided in the second step of the Delphi. This procedure aims at reducing the variance and 
increasing the individual validity of the experts’ answers. These steps will iteratively be repeated as 
long as experts do make changes on their judgments, ideally leading to an output where consensus 
and dissent can be identified quite straight-forward. Besides the advantages the Delphi method 
offers, one of the biggest disadvantages within this classical design is that justifications for deviant 
judgments are lacking and thus this important piece of information is missing (Hills/Fowles 1975). 
In practice, several variations of the Delphi method are applied. Popular alternative versions, for 
instance, change the number of survey-waves, the selection process of experts, the design of 
feedback-loops, or the self-rating of experts in terms of certainty of their answers (c.f. Häder 2002: 
25; Cuhls/Blind 1999). However, a crucial design alternative is the so-called group Delphi method 
which is based on a collective rather than individual judgment.  
2.2. The Group Delphi Method 
The group Delphi method has been developed in the 1990s as a modification of the traditional 
Delphi (Schulz/Renn 2009; Renn/Kotte 1984; Webler et al. 1991; Renn/Webler 1998). In the first 
place the design modifications aim at revealing the underlying argument of an expert’s judgment. 
Especially when dealing with risk issues and issues of complexity, those justifications and 
arguments often represent different scientific schools of thought or even normative positions that 
risk managers dispose of when managing risks. The major design modification compared to 
conventional Delphi procedures is the fact that experts are brought together in a one or two-day 
workshop. Webler points out the advantages of a group-process: “First […] there is direct and 
immediate feedback […]. Second, the justifications given for dissenting viewpoints also give 
secondary insights into which deviations are accepted by the panel. Third, these discussions provide 
an internal check for consistence in accepted viewpoints.” (Webler et al. 1991: 258). The 
underlying structure of the Delphi method thus remains being an integrative survey process, 
although the data collection method differs from anonymous questionnaires to a discursive 
workshop setting. The selection of experts for a group Delphi is crucial since invited experts should 
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represent the (differing) viewpoints on the issue at question.   
2.3. The Delphi in the CCS-project 
In our project, we applied a combination of a traditional Delphi and a group Delphi approach. In a 
first step, relevant experts from industry, science, politics and NGOs had been identified and asked 
to fill in a standardized questionnaire. The questionnaire had been sent out to 300 experts; 75 of 
them responded which corresponds to a response rate of 24 percent.  
In a second step, a group Delphi workshop was conducted where fewer experts participated in a 
two-days-workshop. All in all 16 experts from different institutions took part of the workshop. 
These experts represented all relevant viewpoints that mean advocates and opponents attended. A 
major focus of the workshop event has been on gathering main arguments and justification points 
standing behind the CCS judgements. During the workshop the experts were asked to jointly answer 
in small working groups a shorter questionnaire. Here the focus was on issues of contradictory 
viewpoints, which had been identified before in the postal survey. During workshop discussions, 
those experts whose judgments deviated from the majority had the opportunity to explain and 
defend their point of view. At the end of the workshop, consensus or a consensus about dissent was 
reached.  
3. Results 
In the following we will present the main results of the Delphi process. First of all it has to be 
pointed out that our Delphi outcomes concerning the CO2 storage were highly conflicting and 
extremely controversial. On general level, there were more proponents of CO2 storage taking part in 
the Delphi procedure than opponents. This distribution can be seen in particular in the answers and 
assessments of the survey. One question, for instance, asked whether CCS is both a) an important 
technology and b) an acceptable technology. The majority of the respondents assessed CCS as very 
important and very acceptable. This result, that there were more proponents than opponents of the 
storage of CO2 taking part in our survey, was also found among the attendees of the workshop. This 
was striking due to the fact that we had invited equally both proponents and opponents of CO2 
storage to participate in both the postal survey and the workshop event. It was not possible to finally 
reveal the reasons why many opponents and critics of CO2 storage did not participate in the survey 
or in the workshop. Maybe it was their intention to demonstrate a general opposition against the 
storage of CO2 by not taking part in the Delphi procedure; maybe they did not see the use of the 
expert dialogue because they had the feeling that there is nothing they can do anymore to avert 
planned demonstration projects.  
In the light of opponents being rather unwilling to participate, it has to be especially emphasized the 
advantages of the group Delphi method, since here dissenting opinions are treated equivalent to the 
majority opinion and thus a bias has the chance to be balanced. Furthermore we also want to 
emphasize that we do not know whether there are as many opponents of the technology as 
proponents. However, this is irrelevant to our results since our methodological approach does not 
allow to deduce representative results. The design of our study focused on the Delphi method (as it 
has been explained before) which does not generate representative results but explicitly focuses on 
gathering all relevant and controversial arguments without weighting them against each other. 
Instead of achieving representativeness the method generates a highly structured and 
comprehensive record of arguments, pros and cons. Thus our results can help to further structure the 
dialogue with the broad public and the affected residents in regions where storage sites are planned.   
The main goal of the expert dialogue was to clearly identify consensus and dissent on various 
aspects with regard to CO2 storage. In the following we first will present the main dissent lines.  
One of our main findings was that experts who were opponents of CO2 storage are general 
opponents of the CCS technology. While most experts consider CCS as a technology with climate 
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mitigation potentials, opponents fear that the use and development of CCS would increase the social 
and political acceptance of coal power plants and fundamentally hinders the transformation of the 
energy system towards renewables. Thus, the main goal of CCS-opposing experts is the fast 
diffusion of renewable energy technologies. Against that background CCS is seen as rival and 
competitor. They fear “green washing” of coal power plants when using CCS, so they become more 
accepted as they are at the moment. From a climate change perspective, the main argument against 
coal power plants is their large emission rates of CO2 contributing heavily to global warming. When 
equipped with CCS technology, proponents of coal power plants could argue that the maintenance 
of the established power generation mix is a serious option for climate protection. This statement 
was vehemently rejected by CCS opponents. In their view, CCS cannot be interpreted as climate 
protective strategy. They stated that the only option for climate protection can be seen in the 
transformation of the energy system, which means to overcome the dependence on fossil energies. 
They criticize that even without CCS technologies, coal power plants are not flexible enough to 
allow the fully integration of fluctuating renewable energy technologies. Their flexibility would be 
even reduced when they were fitted with CO2 capture technologies. For this reason, CCS 
technologies would constrain a rapid diffusion of renewables and their integration into the German 
electricity system. Dissent also remained on the question, whether research on the storage of CO2 
should receive public funding or not. Opponents of CCS technologies emphasized that research 
should exclusively focus on renewable energy technologies.  
The second most relevant dissent of the Delphi procedure tackled the use of CCS terminology. This 
applies in particular to the storage phase of CCS. In German language, several forms of translation 
of the notion “storage” are possible. However, these different translations all have slightly different 
connotations and associations. Interestingly enough, all experts agreed that currently widely-used 
notions such as “Lagerung” and “Einlagerung” are not adequate. In the second group Delphi round, 
only two (but very conflicting) positions remained. One part of experts favored the word 
“Speicherung” (engl. “storage”) while other experts preferred “Endlagerung” (which comes close to 
the meaning of “final disposal”). Experts favoring „Endlagerung“ stated that „Speicherung“ hides 
the fact that storage of carbon dioxide will be permanent issue up to thousands and millions of 
years. The notion “Speicherung” originally associates with storage for a transitional and limited 
period of time; thus, it is connoted with goods used again after having stored them for a while. On 
the other hand, proponents of the word “Speicherung” emphasized that “Endlager” in German is 
strongly associated with nuclear waste, discussions and fights on nuclear power and therefore would 
not reflect the true case of CCS. There could no consensus be reached in this point. 
As a third result, the analysis of technological aspects of CO2 storage showed that both storage 
potential and technological challenges cannot be finally evaluated at present. For this reason 
proponents voted for additional research to be conducted in this field in order to define limit and 
safety values as well as German storage potentials. On the other side, opponents strongly refused to 
carry out further research in this area. They insisted on the necessity to define the degree of purity 
of the CO2 stream (99%) as well as the term “permanent” (10.000 years). In these technical 
questions too, no consensus could be reached within the Delphi procedure.  
On the contrary, consensus was reached on the judgment that the CCS technology brings both 
chances and risks connected to the storage of CO2, but obviously opponents saw more risks and 
assessed them higher than proponents.  
All experts agreed on the statement that the German federal government should take over a more 
active part in the communication about CO2 storage. There was consensus that until now the 
German federal government has been too passive and did not perform adequately. All experts stated 
that it is the task of the German federal government to develop, jointly with the federal states, 
guidelines for communication. In the case that consensus on communication guidelines can be 
reached, concrete communication strategies should be adjusted to state- and region-specific 
requirements. 
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There was also consensus among experts, that decision and planning processes forCO2 storage 
activities and projects have to be transparently communicated, especially towards the local public. 
All experts also saw the necessity to establish a dialogue platform between stakeholders and to 
strengthen and set up actor networks. Local media should be more involved into the communication 
process because experts assessed the role of local media as crucial. Furthermore, experts expressed 
the need for initiating participation projects. They agreed that these should be open-ended 
processes.  
The Delphi method was applied as a first step in order to launch expert dialogue and to clearly 
identify consent and dissent on various aspects in regard to CO2 storage. With the help of a 
structured, non-public forum for the exchange of experts’ arguments, it was possible to set up a 
dialogue between conflicting positions. The explicit goal was to clear the facts of consensus and 
dissent on chances and risks of the storage of CO2, before communication processes with the 
affected local residents and the broad public is launched. In order to understand contradictory 
assessments of facts concerning the storage of CO2, it is crucially important to collect arguments 
standing behind ambivalent interpretations.  
Now in a second step, the topics of consensus and dissent can be transparently communicated to 
concerned and affected residents as well as to the public at large.  
4. Conclusion 
Social research seems to be absolutely necessary for detailed plans and further steps in 
communication and participation. At the end of the Delphi workshop, a general consensus could not 
be found in all aspects. Consensus was reached with regard to communication related aspects, the 
role of the federal government, and the relevance of participation projects. Some basic questions 
were controversially discussed. Dissent remained on the general judgment of CCS having climate 
protection potentials or not. Other major dissent remained with regard to terminology 
(“Endlagerung” vs. “Speicherung”) and technical aspects, particularly concerning the question 
whether to define the degree of purity of the CO2 stream or the term “permanent”. Issues of 
consensus as well as issues of remaining dissent should not only be communicated but also be 
interpreted as the starting point for further research. Thus, there is a need to initiate further 
dialogues and research with the public and stakeholders. 
The following tasks should be tackled: 
 A quantitative survey to analyze the attitudes of the German population. In doing so the 
connection to the topic climate change seems to be interesting. In one possible scenario the link 
between CO2 storage and renewable energy is relevant. It is possible that similar patterns in 
comparison with the experts can be found: On the one hand it is possible, that protagonists of 
renewable energy are against CO2 storage, because they become afraid about unpredictable 
hazards and risks. On the other hand it seems probable that people think that CO2 storage stops 
the consequences of climate change and they prefer the CCS technology.  
 For any further communication a decision about the general guidance is necessary. The experts 
take two different positions. One part of experts favor the word “Speicherung” and other experts 
prefer the word “Endlagerung”. It is clear that the use of these two notions implies a general 
position in favor or opposition of the CCS technology. While “Speicherung” hides the long-time 
dimension of CO2 storage making it attractive for proponents, “Endlagerung” clearly brings CCS 
into reach of the nuclear waste debate with its negative reputation. Focus groups could test the 
effects of the wording and the perception of lay people. As a principle for good communication, 
the most appropriate notion and terminology is one that is less associated with other technologies. 
If people are under the impression that relevant statements are not proven true, negative 
consequences for the attitude and the acceptance are expected.  
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 In addition, focus groups can evaluate information material, for example brochures or 
homepages. In this way the perception of the relevant people can be analyzed. 
 The NIMBY-effect should be discussed. During the Delphi workshop some experts criticized the 
NIMBY-effect as being a concept of the industry and not scientific proven. However, there is a 
lot of social research that prove the NIMBY-effect in other contexts. The hopes and fears of the 
relevant people living next to demonstration projects of the storage of CO2 should be considered 
as a relevant issue for their level of acceptance. 
 If the NIMBY-effect is relevant, further steps to identify the place for demonstration projects are 
relevant. Consensus conferences or similar instruments can be used for such research tasks. 
These different research approaches reveal that an expert-dialogue is only the first step to debate the 
risks and the chances of CO2 storage and CCS as a whole.  
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